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Objective. To examine the relationship between patient case-mix, utilization, primary
care physician (PCP) payment method, and the probability that patients switch their
PCPs.

Data Sources/Study Setting. Administrative enrollment and claims/encounter data
for 1994-1995 from four physician organizations.

Study Design. We developed a conceptual model of patient switching behavior,
which we used to guide the specification of multivariate logistic analyses focusing on
interactions between patient case-mix, utilization, and PCP reimbursement methods.
Data Collection/Extraction Methods. Claims data were aggregated to the
encounter level; a switch was defined as a change in PCP since the previous encounter.
The PCPs were reimbursed on either a capitated or fee-for-service (FFS) basis.
Principal Findings. Patients with stable chronic conditions (Ambulatory Diagnostic
Groups [ADG] 10) and capitated PCPs were 36 percent more likely to switch PCPs than
similar patients with FF'S PCPs, controlling for patient age and sex and physician fixed
effects. When the number of previous encounters was included in the model, this
relationship was no longer significant. Instead high utilizers with capitated PCPs were
significantly more likely to switch PCPs than were similar patients with FFS PCPs.
Conclusions. A patient’s demographics and utilization are associated with the
probability that the patient will switch PCPs. Capitated PCP payment was associated
with higher rates of switching among high utilizers of health care resources. These
findings raise concerns about the continuity and quality of care experienced by
vulnerable patients in an era of changing financial incentives.

Key Words. Physician payment, panel data, managed care, primary care
physicians

Capitation creates potential conflicts of interest between physicians’ incomes
and patients’ expectations for treatment, especially among the chronically ill
(Blumenthal 1994; Rodwin 1993). Physicians worry that capitation will cause
them to resent their sick patients, and experts are concerned that physicians
will avoid costly patients for financial reasons (Blumenthal 1994). Regardless
of whether or not physicians respond to these financial incentives, the stage
has been set for reduced levels of trust and satisfaction with the medical
profession, resulting in patients who are increasingly doubtful, critical, and

197



792 HSR: Health Services Research 38:1, Part I (February 2003)

demanding of their physicians (Mechanic 1998). One potential manifestation
of a lack of trust or reduced satisfaction is the switching of PCPs. A more
complete understanding of the consequences of capitated financial arrange-
ments is important. While experts disagree on the future of managed care and
capitation in the employer-sponsored health insurance market, capitation
remains the predominant provider payment method in Medicaid and SCHIP
(State Children’s Health Insurance Program) (Robinson 2001; Berwick 2002;
Draper and Gold 2002).

The rate that patients switch physicians is a measure of the quality of the
doctor—patient relationship. Experts recommend linking patient loyalty to
physician performance assessment and incentive systems (Rodwin 1993),
though only a minority of HMOs does so (Gold et al. 1995).

Although a small minority of individuals switches physicians annually
(4-11 percent), almost half of individuals have switched physicians in the past.
While early research found physician or patient relocation and physician
retirement were the predominant reasons for switching physicians, more
recent research shows dissatisfaction with aspects of care is important in
patients’ decisions to change doctors (Cahal 1962; Cousins 1985; Slomski
1995). Safran et al. (2001) found both interpersonal aspects of care and
structural features of care are contributors to the decision to change physicians.
Few studies have focused specifically on PCPs (as opposed to specialists) who
are important in a managed care environment. We are aware of no work
examining the impact physician payment methods have on switching
behavior.

We use data from physician organizations that reimburse PCPs on either
a capitated or fee-for-service basis to examine whether patients with chronic
conditions are more likely to switch PCPs when physicians are capitated. We
estimate reduced-form models that develop evidence about switching patterns
and assess whether observed behavior is consistent with predictions from a
conceptual model based on the literature.
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CONCEPTUAL FRAMEWORK

Figure 1 depicts a conceptual model of PCP switching. In the model, the PCP-
patient relationship, a combination of satisfaction and trust in the PCP, is
central. Satisfaction is an assessment of the care received and interactions with
the PCP, and trust implies an expectation that the PCP will act in the patient’s
best interest (Mechanic 1998; Shortell et al. 1998). Previous research shows
both satisfaction (Marquis, Davies, and Ware 1983) and trust (Kao et al. 1998,;
Safran et al. 2001) predict switching and thought of switching regular care
physicians. Patients choose to switch PCPs when the quality of the PCP-
patient relationship does not meet their minimum expectations or when other
factors make continuing the relationship infeasible (e.g., changing health plans
and the former PCP is not in the new plan’s provider network). The PCP-
patient relationship is affected by patient characteristics and utilization. It is
also influenced by plan characteristics, in particular financial incentives,
through their influences on PCP behavior and utilization.

The effect of patient characteristics has been investigated in the
literature. Patient age and gender, but not patient race, education, or income
have been found to be related to satisfaction and switching behavior (Cleary
and McNeil 1988; Hall and Dornan 1990; Kane, Maciejewski, and Finch
1997; Marquis, Davies, and Ware 1983; Slomski 1995; Safran et al. 2001).

Patient health status may influence the decision to switch physicians in
two ways. First, sicker patients tend to be less satisfied with medical care than
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healthier patients (Hall, Milburn, and Epstein 1993; Marshall, Hays, and
Mazel 1996). Social conversation acts as a mediating factor between health
status and patient satisfaction, wherein sicker patients have less social
conversation with their physicians, reducing their satisfaction (Hall et al.
1996). This may be because physicians spend more time providing sicker
patients with biomedical information, leaving less time for social conversation
(Hall et al. 1996), like their sicker patients less than healthier patients (Hall
et al. 1993), experience frustration with patients who are demanding or have
too many problems (Levinson et al. 1993), or have negative opinions about
patients who abuse themselves (Levinson et al. 1993). Physicians’ negative
feelings could also be unintentionally communicated to patients, reducing
patients’ satisfaction with medical care (Hall, Milburn, and Epstein 1993; Hall
et al. 1998), all of which would be expected to increase the probability of
switching physicians. Sicker patients, however, have more regular contact
with their PCPs, which is expected to increase loyalty and reduce their
propensity to switch PCPs (Hirschman 1970). In addition, sicker patients,
particularly those with chronic conditions who become experienced with their
disease, are more likely to voice concerns they have with their medical care
(Haug and Lavin1983; Hall et al. 1996), which may reduce their propensity to
switch PCPs (Hirschman 1970).

Aspects of medical care utilization are expected to be important in
switching PCPs. Increased use of services results in a more established
relationship and increased loyalty toward the PCP, reducing the likelihood
patients switch PCPs. Shorter office visits result in less social conversation
(Hall et al. 1998) and less PCP knowledge about patients (Hall et al. 1996;
Gross et al. 1998), reducing patient satisfaction. Shorter office visits also reduce
patient involvement in treatment decisions, which increases the probability of
switching PCPs (Kaplan et al. 1996). Other aspects of utilization that may
damage patient satisfaction and increase the propensity to switch PCPs
include difficulty getting appointments ( Jatulis, Bundek, and Legorreta 1997,
Hays et al. 1998), lack of continuity of care (Cleary and McNeil 1988; Hays
et al. 1998; Safran et al. 2001), and perceived difficulty obtaining referrals for
specialty care (Grumbach et al. 1999; Kasteler et al. 1976).

Capitation may affect utilization in ways damaging to the doctor—patient
relationship and mediate the way patients (particularly those with chronic
conditions), experience the health care system. Capitation creates incentives
for physicians to minimize services provided to patients (Hillman 1987) and to
attract large numbers of patients to their panels (Pauly et al. 1992). Hence,
capitation may result in shorter office visits (Blumenthal et al. 1999) and longer
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waiting times for appointments, both of which may increase switching.
Research comparing capitated PCP payment to managed care FFS finds
capitation is associated with reduced access to care, physicians’ knowledge
of patients, clinician—patient communication, and interpersonal treatment
(Safran et al. 2000).

In addition to the above factors that would affect all patients, capitation
generates potentially strong financial incentives for physicians to avoid high-
cost patients. Those patients with identifiable characteristics that are predictive
of high costs, or those who are otherwise high utilizers, may switch more
quickly from capitated PCPs than from FFS PCPs. It is the interaction between
financial incentives and health status or utilization that we try to isolate and
quantify in the empirical work that follows.

DATA

The data obtained for this research are administrative enrollment and claims
or encounter data for one year from three independent practice associations
and one large, multispecialty medical group in New York, Ohio, Idaho, and
California for 1994 and 1995." The main advantage of these data is that we
know how the physician organizations paid individual PCPs for their services.
In two of the physician organizations, PCPs were paid a monthly fee for each
patient for ambulatory care, inpatient evaluation, and management encoun-
ters provided. The PCPs’ capitation payment did not include non-PCP
services, such as services provided by specialists or hospitalizations. The
capitated arrangements in these two physician organizations were very
similar. The two other physician organizations paid PCPs on a discounted FFS
scale. We generated a dichotomous measure of PCP payment type (capitation
versus FFS) and used it in the methods section.

Representativeness of Data

We compared our four markets to the U.S. managed care market at the time,
using information on HMO penetration. The average HMO penetration in
the four markets was somewhat higher than the U.S. average (32.7 percent
versus 24.0 percent) due to one of the physician organizations being located in
California, the state with the highest HMO penetration. Nationally, HMOs
capitate 46.7 percent of primary care services provided in solo or single
specialty practices and 54.9 percent of services provided in multispecialty
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practices (Interstudy 1997). Capitation was more prevalent in the market areas
of the two physician organizations that capitated PCPs and was approximately
at or below the national average in the market areas of the two physician
organizations that paid PCPs on an FFS basis (Table 1).

Sample

The four physician organizations provided care for a total of 154,729 enrollees
from the ages of 21 to 64 years. Patients were excluded from analyses if they
were continuously enrolled for less than six months or if they had fewer than
two encounters with physicians or physician substitutes, thus eliminating the
opportunity to observe switching behavior (Table 1). The final sample
included 67,131 patients and 682 PCPs.

Outcome Variable: Switching PCP Since Previous Encounter

Patients were defined as having switched their PCP if the PCP of record with
the physician organization changed from one encounter with a physician or
physician substitute to the next.? As such, encounters with specialists and
cross-coverage by other PCP type physicians (i.e., when the PCP is out of
town) are not considered switches.

Explanatory Variables

Case-Mix Adjustment and Categories of Diagnoses. We used the Ambulatory
Diagnostic Groups (ADGs) component of the Johns Hopkins University ACG
Case-Mix Adjustment System (ACGs), version 4.1, to adjust for differences in
patient case-mix and to identify subpopulations of interest.” While ADGs
are usually assigned at the patient level, we wanted to examine the effect
of individual ADGs on the probability that patients switch their PCPs.
Therefore, we determined ADGs based on diagnoses coded prior to a given
encounter, including only the information available at the time the patient
would have decided to switch PCPs. Thus, the ADGs were cumulative over
encounters.*

In addition to the ADGs, three categories of diagnoses were created; two
of the categories were created to identify patients about whom physicians may
have negative opinions because of their self-destructive behavior: drug and
alcohol abusers and patients with sexually transmitted diseases. A third
category captured diagnoses that are vague, since not being able to specifically
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diagnose a condition may frustrate the physician and may cause the patient to
question the physician’s abilities.

Utilization Measures. Four categories of variables were created to control
for utilization intensity, including the number of encounters the patient had
prior to the current encounter and the time between encounters and this value
squared. Longer times between encounters, controlling for patient case-mix
and number of previous encounters, may represent difficulty in obtaining an
appointment. The third category of variables assessed the time spent with
physicians in office visits. The CPT-4 procedure codes representing office
visits were separated into short, medium, and long office visits.” We calculated
the percentage of previous PCP encounters that were short for each encounter.
Patients with a high percentage of short encounters, controlling for case-mix,
may be less satisfied with their PCP. The fourth category represents utilization
with different types of physicians. Each encounter was identified as being with
the patient’s PCP, another primary care type physician (OPCTP—physician
other than the patient’s PCP with a specialty of internal medicine, family
practice, or general practice), or a specialist. For each encounter, the
percentage of previous encounters with the PCP, OPCTP, and specialists
were calculated. Patients with higher percentages of visits with OPCTP
experience less continuity of care. In addition, controlling for case-mix,
patients with lower percentages of visits with specialists may perceive limited
access to referrals.

METHODS

Bivariate analyses were performed at the patient level to examine diffe-
rences between switchers and nonswitchers using t-tests for continuous
variables and chi-squared tests for categorical variables. Multivariate analyses
were performed at the encounter level because switchers tended to have
more encounters than nonswitchers, thus having a greater opportunity for
a switch to be observed. The encounter-level analyses eliminate this
endogeneity. In addition, encounter-level analyses allow the identification
of the sequence of events, such as whether the diagnosis of a chronic condition
occurred before or after switching PCPs. Prior to conducting analyses, the
data were split into two random samples based on unique patient
identifiers. One sample was used in model development, while the
other sample was used for model validation, thus avoiding overfitting the
model.
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Logistic regression analyses with PCP fixed effects® were conducted to
determine the influence of patient characteristics, case-mix, utilization, and
capitated PCP payment on the probability that patients switch their PCP.
Huber-White robust standard errors were used to account for the correlation
between the multiple observations contributed by the same patient. The
dependent variable was whether the patient switched PCPs since the previous
encounter.

Two models were run; the first included patient demographics, ADGs,
and ADG interacted with capitated PCP payment. The second also included
utilization measures and interactions with capitated PCP payment. This
sequential modeling was done to determine if coefficients changed,
particularly the coefficient on the ADG representing “chronic medical stable”
conditions interacted with capitated PCP payment, when utilization measures
were added to the model. The Wald statistic was used to test whether the
coefficients on sets of variables were jointly equal to zero. The c-statistic was
used to assess model discrimination, and the Hosmer-Lemeshow statistic was
used to evaluate model calibration (Hosmer and Lemeshow 1989).

RESULTS

Descriptive statistics for the four physician organizations are shown in Table 1.
Almost 5 percent of patients with two or more encounters switched PCPs in
our data, ranging from 0.4 percent to 7.1 percent for the four physician
organizations. The average number of encounters per patient was comparable
across the four physician organizations.

Table 2 compares switchers and nonswitchers, overall and within PCP
payment method. Unless otherwise specified, the results reported are for the
two payment methods combined. Switchers were younger and more likely to
be female than nonswitchers. Switchers had more ADGs and more major
ADGs than nonswitchers. Although not significant overall, capitated and FFS
switchers were more likely to have the “chronic medical stable” ADG than
nonswitchers. Consistent with the finding that patients who switched PCPs are
sicker than patients who did not switch PCPs, switchers had more encounters
than nonswitchers. In addition, switchers had a higher percentage of short
encounters than nonswitchers, experienced less continuity of care (a higher
percentage of encounters with OPCTP), and a higher percentage of
encounters with specialists.

Table 3 contains selected odds ratios resulting from logistic regressions
with PCP fixed effects. Model 1 included patient age, gender, ADGs,
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Table3: Logistic Regression Results’

Model 2 Add Patient Utilization
and Utilization—Capitation

Model 1 ADG Model Interactions

Patient Demographics

96-35 years 0.83 (0.65, 1.07) 0.84 (0.65, 1.09)

36-55 years 0.73 (0.56, 0.93)* 0.76 (0.59, 0.99)

56-65 years 0.44 (0.32, 0.61)*=* 0.51 (0.37, 0.70)*=*

Female 1.29 (1.12, 1.48) 1.20 (1.04, 1.39)*
Patient Case-Mix

ADGI10: chronic medical stable 0.94 (0.18, 4.83) 0.65 (0.02, 18.33)

ADG]10-capitation interaction 1.36 (1.02, 1.80)* 1.28 (0.95, 1.73)

Other Diagnoses Categories

Sexually transmitted diseases 1.08 (0.68, 1.74) 1.15(0.73, 1.83)

Drug use 2.07 (.11, 3.86)* 9.01 (1.08, 3.73)*

General diagnoses 1.04 (0.92, 1.18) 1.10 (0.96, 1.25)

Patient Utilization

Time since previous encounter 1.01 (1.01, 1.02)%*

Time since previous encounter squared 0.99 (0.99, 0.99)***

2 previous encounters 0.70 (0.57, 0.87)**

3 previous encounters 0.29 (0.20, 0.41)%=*

4 or 5 previous encounters 0.16 (0.10, 0.26)%*=*

6-19 previous encounters 0.08 (0.04, 0.14)%=*

20-+previous encounters 0.16 (0.05, 0.48)**

% of previous encounters—short 1.19 (0.97, 1.46)

% of previous encounters with OPCTP 3.10 (2.46, 3.92)%=*

% of previous encounters with specialists 1.69 (1.35, 2.10)***
Patient Utilization—Capitation Interactions

Time since previous encounter 1.02 (1.01, 1.03)%*

Time since previous encounter squared 0.99 (0.99, 1.00)

2 previous encounters 1.06 (0.82, 1.38)

3 previous encounters 2.11 (1.44, 3.11)%=*

4 or 5 previous encounters 3.06 (2.05, 4.56)*

6-19 previous encounters 5.14 (3.21, 8.23)%*=*

20 + previous encounters 2.49 (0.89, 6.97)
Cstatistic 817 .853
Hosmer-Lemeshow Test 72 8df=6.61 p=0.58 ;2 8df=12.31 p=0.14

Results are reported as odds ratios with confidence intervals in parentheses.
*Significant at p<.05; **significant at p<.01; ***significant at p<.001

ADGe-capitation interactions, and indicators for drug use, sexually transmitted
diseases, and general diagnoses. Model fit was good as assessed by the
Hosmer-Lemeshow test (> 8df=6.61, p=0.58) and the c-statistic (0.82).
Female gender was associated with an increased likelihood of switching PCPs,
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while increasing patient age was associated with decreasing likelihood of
switching PCPs. The main effect of “chronic medical stable” conditions (ADG
10) was insignificant. However, its interaction with capitated PCP payment
was positively associated with switching PCPs (OR = 1.36, p<0.05). Drug/
alcohol abuse diagnoses were associated with increased likelihood of
switching PCPs, while diagnoses of sexually transmitted diseases and general,
unspecified diagnoses were not significantly related to switching PCPs.

Model 2 included the utilization measures and utilization—capitation
interactions. The model was well calibrated (;* 8df=12.31, p=0.14), and
discriminated well (c-statistic = 0.85).” The main effect of the number of previous
encounters was negative. The capitation—previous encounters interactions,
however, were positive, indicating capitated patients were significantly more
likely than their FFS counterparts with the same case-mix and number of
previous encounters to switch PCPs. The combination of the main effect of
previous encounters and the interactions with capitation reveal the overall effect
of the number of prior encounters is negative for capitated patients.

Both the percentage of previous encounters that were short and its
interaction with capitated PCP reimbursement were not significantly
associated with patients’ propensity to switch their PCP. The percentage of
previous encounters with OPCTPs and the percentage of previous encounters
with specialists both had strong positive associations with switching PCPs.

The time between patient encounters and the likelihood that patients
switch PCPs had a U-shaped relationship. Initially, longer times between
encounters were associated with greater likelihood that patients switch PCPs
during the interval, with the probability of switching peaking at 100 days
between encounters for FFS patients and 180 days between encounters
for capitated patients. With the inclusion of the utilization measures, the
chronic medical stable ADG-capitation interaction was no longer significant
(OR=1.28, p <0.34).

DISCUSSION

We found PCP payment method was an important predictor of patient
switching of PCPs when interacted with the presence of stable chronic
conditions (ADG 10) or patients’ prior utilization. For those patients with
ADG 10 (stable, chronic medical conditions), capitation relative to FFS was
associated with a 36 percent increase in the likelihood of switching PCPs, not
controlling for utilization. Although inclusion of utilization controls eliminated
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this result, the number of previous encounters interacted with capitation were
strongly associated with switching. Capitated patients with 6-19 encounters
were more than five times as likely to switch PCPs as FFS patients with the
same number of previous encounters.

There are two main plausible interpretations of these results. One
interpretation is that capitated PCPs are dumping their high-cost patients,
either intentionally or unintentionally. If the dumping is intentional, it appears
they identify patients based on utilization (actual burden) rather than case-mix
(expected burden). This assumes PCPs are aware of their patients’ insurance
coverage and can distinguish between patients based on this. Alternatively, the
dumping could be unintentional and the pressures of capitated arrangements
cause PCPs stress that is then inadvertently “leaked” to high-utilizing patients
during encounters. While studies have shown capitated contracts are
associated with reduced physician and patient satisfaction with various
aspects of care (Kerr et al. 1997; Safran et al. 2000), Flood and Bott (1998)
found that few individual physicians practice different styles of medicine
based on patients’ insurance. However, their research focused on acute
conditions, which may have less room for discretionary treatment and may be
less likely to invoke capitated physicians’ reactions to high-utilization patients.

A second possible interpretation is that high utilization patients may be
more sophisticated than other patients and more easily dissatisfied in a heavily
managed care environment. Many studies have found health status to be
positively related to patient satisfaction. Safran et al. (2000) found capitated
PCP payment was negatively related to physicians’ knowledge of patients,
doctor—patient communication, and physicians’ interpersonal treatment of
patients, all of which patients with chronic diseases may be more sensitive to
than other patients since they have more frequent contact with physicians.
Schlesinger et al. (1999) found sicker patients had to be much more dissatisfied
than healthier patients to disenroll from their health plan. It is plausible that a
similar relationship would exist for switching from a PCP. Therefore, the
increased propensity of high utilization patients to switch PCPs under
capitation may be indicative of severe deterioration of the relationship
between these patients and their PCPs.

Understanding the effects of capitation is and will remain important
because capitation will remain in the marketplace for years to come. Managed
care in the employer-sponsored market is currently undergoing a transforma-
tion with enrollment in point-of-service plans and preferred provider
organizations increasing and enrollment in HMOs stagnating or even
decreasing (Dudley and Luft 2001). While some experts are stating the end
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of managed care is at hand (Robinson 2001), others predict the use of
capitation will increase as a result of currently increasing health care costs and
a weakened economy (Berwick 2002). Regardless of what occurs in the private
health insurance environment, capitation is firmly entrenched in Medicaid
and SCHIP, with 76 percent of plans making some use of either global
capitation or professional services capitation arrangements with their
Medicaid providers (Draper and Gold 2002).

LIMITATIONS

There are several features of the data that complicate interpretation of the
results. First, because claims/encounter data were used to identify switches,
the results are only relevant to individuals who utilize health care. Those who
switch PCPs without utilization are missed. Second, the study sample was
limited to patients obtaining their health care through only four physician
organizations, using two different PCP payment methods. The results,
consequently, may not be generalizable to all physician organizations, or
other PCP payment methods. In addition, the physician organizations are in
nonoverlapping markets, and while we know some of the methods the
physician organizations use to manage care, we cannot assume that we are
aware of all of the methods used. If the characteristics of the market and the
methods used to manage care are unrelated to the PCP payment method, then
the results of the analyses are unaffected. However, to the extent that they are
correlated, the results may be biased by omitted variables, with the direction of
the bias unknown. It is unlikely, however, that the interactions between PCP
payment method and other variables are impacted.

In our data, we are able to observe switching within a physician
organization, but not across physician organizations. This problem is
minimized because individuals are most likely to switch physician organiza-
tions when they switch plans, and plan switching is only possible when
individuals change employers or during open enrollment periods. This would
not affect the main result regarding the capitation interactions unless the
interactions were different for physician organization switching than for PCP
switching.

Last, we lack complete information of how each PCP in the study was
reimbursed for all of their patients. PCPs may distinguish between patients
with different types of insurance (Kerr et al. 1997) or they may have a single
practice style for all of their patients, regardless of payment type (Flood and
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Bott 1998). If the former is the case, our results are not impacted by our lack of
knowledge of the payment methods for PCPs’ unobserved patients. However,
if physicians do adopt a single practice style, then our results may be a function
of the percentage of the PCP’s patients that are covered by capitation rather
than whether the individual patient was capitated. Not only would this affect
the PCP fixed effects, but it could also affect the interactions between
capitation and utilization and health status. We have substantial variation in
the number of patients observed per PCP and in the HMO penetration in the
market areas of the physician organizations that capitate PCPs. Thus, it is likely
that the error is random rather than systematic, biasing the coefficients on the
capitation interactions toward zero.

CONCLUSIONS

This study adds to the evidence that capitated PCP payment systematically
affects the doctor—patient relationship. Patients who are expected to be the
most loyal, those with regular physician contact, are relatively more likely to
switch PCPs if their PCP is paid capitation rather than FFS. The findings
suggest that the quality of care received by the most vulnerable patients may
be compromised under capitation, which raises concerns about capitation as a
PCP payment method.

NOTES

. We obtained the data from HCIA, Inc.

. Contact authors for the list of diagnosis and procedure codes used in classifications.

3. All records with laboratory or x-ray procedure codes were excluded from ADG
assignments to prevent the inclusion of “rule out” diagnoses, as recommended in
the 7998 Johns Hopkins University ACG Case-Mix Adjustment System: Implementation
Guide.

4. Because our method results in varying time periods over which ADGs could be
observed, systematic measurement error is induced into the ADGs. The
measurement error is systematic in the length of the observed time period. We
account for it in our multivariate models by including a second-order Taylor series
expansion in the length of the time period. We have shown this method eliminates
the bias in Monte Carlo experiments (Dick and Sorbero 2002).

5. See note 2.

6. In our data, PCPs are paid by either capitation or FFS, but not both. As a result, we

cannot disentangle the PCP effects from the capitation effects (i.e., PCP payment

method is a linear combination of PCP fixed effects). As a result, the PCP capitation

N —
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payment main effect is subsumed by the PCP fixed effects. The PCPs who did not
have any patients switching out of their practices were dropped from the analyses
due to lack of variation in the dependent variable for the fixed effect. In effect, this
selection based on the value of the dependent variables could induce bias. We
investigated this by estimating random-effects models with and without the affected
observations, and we compared the results using Hausman tests. We also
reestimated the fixed effects model on a subset of data that included only PCPs
with relatively large observed panels. The large panel sizes guaranteed switching for
these PCPs, eliminating the need to selectively drop observations. There were no
substantive differences in the results from the various estimation methods, which
indicates the selection bias was minimal.

7. Model performance was also assessed using the validation dataset, limited to
those PCPs also included in the estimation data set to allow the use of the PCP
fixed effects. The discrimination of the model remained very good; the c-statistic was
0.83 compared to 0.86 in the estimation dataset. The model, however, was
not well calibrated (* 10df=29.14, p=0.001). We reestimated the model in
the validation dataset to determine the consistency of the parameter estimates
with those from the estimation dataset. With the exceptions of age and alcohol/
drug abuse, the substantive and statistical significance of the findings were
unchanged.
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